Analysis of accumulated experience with the repair of atrial septal defect in 119 adults has revealed several factors determinable preoperatively that appear to have a strong influence on the operative risk. These factors are related to the presence of pulmonary vascular disease or heart failure and contribute importantly to the selection of patients for operation.
S URGICAL treatment for atrial septal defect has been practiced for approximately 5 years. The selection of patients for operation should be based upon a number of comisiderations, including knowledge of the operative mortality rate and factors influencing it. This study was undertaken for the purpose of gathering and interpreting data upon these matters.
MATERIAL
The records of patients 15 years of age or older who were operated upon by us before January 1958 for repair of an atrial septal defect have been analyzed. The first such operation in this institution was performed in February 1953. Patients having partial persistent common atrioventricular canal (so-called ostium primum defect) or the complete form of this malformation were not included herein; these were reported on previously. ' Patients with associated abnormalities such as valvular pulmonary stenosis, ventricular septal defect, common atrium, or total anomalous pulmonary venous connection likewise were not ineluded. Patients having partial anomalous venous connection of the right lung were considered to have a variant of simple atrial septal defect and were included. A total of 119 cases fulfilled these qualifications.
The notes concerning clinical findings were reviewed. Cardiac catheterization had been performed2 preoperatively at the Mayo Clinic in 83 per cent of the cases and elsewhere in an additional 4 per cent. The observations at operation had been recorded in detailed notes, which were reviewed. All deaths that occurred during operation In 45 patients data were available for calculations of total pulmonary resistance and total systemic resistance. The hospital mortality rate was 71 per cent for the 7 patients in whom the ratio of total pulmonary resistance to systemic resistance equated or exceeded 0.5 (table 2). The use of this resistance ratio rather than the pulmonary resistance itself serves to minimize the effect of nonspecific factors, such as body size, and to allow a more accurate comparison of such data. Attention must of course be given to the probability that improvement in operative management or in preparation of the patient will reduce the mortality for the various categories of patients.
Two of the 5 pertinent factors are directly related to heart failure; these are a history of congestive heart failure and a markedly elevated right atrial pressure. Also, a large right-to-left shunt is probably indirectly related in most instances to right ventricular failure. Very high pulmonary arterial pressure is usually related to greatly increased pulmonary vascular resistance. Thus, there There is a second contrast between the hemodynamic consequence of pulmonary hypertension in the presence of a ventricular septal defect and in the presence of an atrial septal defect. In. the former, when pulmonary resistance is still low, the left ventricle has a large volume load imposed upon it, but as pulmonic resistance increases, the left ventricular volume load diminishes toward normal without a concomitant increase in its pressure load. It is never called upon to expel its blood against a resistance greater than that of the systemic vascular bed. Indeed, as pulmonary resistance climbs to excessive levels and a predominant right-to-left shunt appears, the strain imposed by the hemodynamic derangement shifts from the previously burdened left ventricle to the right ventricle.
However, in the case of an atrial septal defect, when the progressive increase in pul-monary resistance is associated with a reduction in the volume of left-to-right shunt, the volume of blood pumped by the right ventricle is thereby lessened, but the total work load of the right ventricle remains increased above the normal level. Thus, in contrast to ventricular septal defect, the development of pulmonary hypertension in a patient with an atria] septal defect may not significantly lessen the encumbrance of the initially overburdened right ventricle.
Heart Failure. The data presented demonstrate that strong evidence for the presence of heart failure indicates a high operative risk for closure of an atrial septal defect. Therefore, it may be well to consider the mechanisms that result in heart failure in the presence of an atrial septal defect. Of nonsurvivors in this series, 4 of 14 patients exhibited signs of heart failure in association with severe pulmonary hypertension, and in each of these the volume load on the right ventricle had been much reduced by an increasing right-to-left shunt as well as by the reduction in volume of blood shunted from left to right.
Three patients exhibited strong evidence of heart failure in the absence of severe pulmonary hypertension, with large pulmonary blood flows and decreased pulmonary resistances. It may be significant that in 2 of these patients, marked tricuspid insufficiency was noted at operation, more severe than was noted in other patients in the series. Tricuspid insufficiency, of course, imposes a still greater volume load on the right ventricle.
Once chronic heart failure, from whatever cause, has occurred, the ability of that heart to regain compensation is apparently hampered, since any tendency to do so again increases the volume of the left-to-right shunt and thus the work of the right ventricle. Therefore, in certain patients it would seem inordinately difficult for the right ventricle to recover from a state of chronic failure, for not only is it unable to escape the burden of any existing pulmonary hypertension, but also, as it might tend to regain compensation, the volume load imposed upon it is increased. with an inflatable cuff. Pulmonary arterial flow to 1 lung was shut off for as long as 2 hours with no ill effects. In the control sub jects there was no significant electmocardiographic change nor any important alteration in systemic blood pressure, oxygeln saturation, cardiac output, or oxygen consumption. The mnain pulmonary artery pressure rose about 30 pri cent but exhibited a slight fall on breathing 100 per cent oxygen, indicating further expansibility of the vascular tree. Apparently maX1211ked increases in unilateral flow (even to 5 times normal) are attended by significanlit decreases in pulmonary vascular resistance. Distal to the occlusion the pulmonary arterial pressure fell to about 8 mnmi. Hg, approximating pulmonary wedge pressure.
Another indication of retrograde flow from the left atrium was the finding of high blood oxygen saturation. There was evidence of bronchial artery-pulmnonary vascular communications in the control subjects. X-ray studies showed no change in vascula pattern during the period of main unilateral pulmonary artery occlusion. 
